Background and purpose: The status of collateral vessels has important clinical implications in acute ischemic stroke. To evaluate which components of ischemic symptoms were predictive of pretreatment collateral status, we tested the hypothesis that sub-item scores from the National Institutes of Health Stroke Scale (NIHSS) are associated with leptomeningeal collateral status in acute ischemic stroke with middle cerebral artery (MCA) occlusion. Methods: This study included consecutive patients with acute M1 occlusion who underwent revascularization treatment for acute MCA infarction. We evaluated clinical factors and the NIHSS score according to the collateral status assessed by multiphase perfusion computed tomography. Results: Eighty-six patients were included (48 good collateral status, 38 poor collateral status). The patients with poor collateral status were more likely to have a higher total NIHSS score (18 versus 11, p < 0.001) and atrial fibrillation (65.8% versus 41.7%, p ¼ 0.026) than patients with good collateral flow. In a multiple logistic regression, the NIHSS sub-items such as profound ''facial palsy'' (score 2 versus 0-1) and ''visual field defect'' (score 2 versus 0-1) were independently associated with poor collateral status. Conclusion: Among the NIHSS sub-items, severe facial palsy and visual field defect were associated with poor collateral status in acute MCA stroke with M1 occlusion. Decision on whether to treat these patients endovascularly should be made more cautiously due to the possibility of a poor outcome.
Introduction
In acute ischemic stroke with the occlusion of a major cerebral artery, retrograde collateral flows maintain cerebral perfusion within the ischemic area until anterograde flow is re-established.
1,2 Pretreatment collateral status is an important determinant of clinical outcome for revascularization therapy. Poor collateral flow is associated with a poor recanalization rate, hemorrhagic transformation and infarction growth after revascularization therapy. [3] [4] [5] Many imaging methods such as conventional angiography, computed tomography (CT) angiography, multiphase perfusion computed tomography (MPCT) and magnetic resonance imaging have been developed and applied to assess collateral status in acute ischemic stroke. 1, [6] [7] [8] [9] However, these imaging studies may take significant time to perform and there is no consensus on the modality that is best suited to judging collateral status. Simpler and faster tools to predict collateral status in acute ischemic stroke are needed for clinicians in an emergency situation.
We hypothesized that the most affected area would differ according to the distribution and status of collateral flow in acute ischemic stroke. As a result, the clinical manifestation would also differ.
This study aimed to evaluate the relationship between the National Institutes of Health Stroke Scale (NIHSS) sub-item scores as a proxy for clinical manifestation and retrograde collateral status in patients with acute middle cerebral artery (MCA) infarction who were eligible for revascularization treatment.
Methods

Patient selection and clinical evaluation
We retrospectively analyzed data collected from a consecutive registry of patients who were admitted to the university hospital stroke center for acute ischemic stroke. From July 2005 to December 2013, a total of 135 patients who had acute ischemic stroke in the MCA territory with major vessel occlusion and had received endovascular treatment were analyzed. Inclusion criteria for this study were as follows: (a) presentation within 6 hours of symptom onset; (b) performance of MPCT before endovascular therapy; (c) M1 segment of MCA occlusion on angiography; and (d) NIHSS score of 4 or more at the time of MPCT. This retrospective study was approved by Samsung Medical Center institutional review board, and the requirement for informed consent was waived.
Patients were evaluated based on demographic data, medical history, vascular risk factors and brain imaging results. The NIHSS score was assessed by a neurologist at the time of CT performance.
MPCT and collateral grade
All patients underwent MPCT before undergoing endovascular treatment. MPCT was performed with a helical scanner (High Speed Advantage; General Electric Medical Systems, Milwaukee, Wisconsin, USA), as previously reported. 8, 10 After pre-contrast CT imaging of the entire brain, contrast-enhanced MPCT images were taken. Non-ionic contrast material (68%, 100 ml; Optiray 320; Mallinckrodt Medical, Pointe-Claire, Quebec, Canada) was administered by a power injector into an antecubital vein (18-gauge intravenous cannula) at a rate of 3 ml/s. Images were then obtained with scan delays of 5 and 14 s (early phase), 23 and 32 s (mid phase), and 41 and 50 s (late phase). Mid-phase MPCT images were sent to a workstation and processed in standardized maximum intensity projection images.
MPCT scan collateral grades were classified as grades 0-3. Grade 0 was defined as no visible collateral or slow collaterals (visible only in the late phase) to the periphery of the occluded MCA territory, grade 1 was defined as relatively rapid collaterals (visible in the early and mid phase) to the periphery of the occluded MCA territory with persistence of some of the defect, grade 2 was defined as collaterals with slow (visible only in late phase) but complete collateral flow to the occluded MCA territory, and grade 3 was defined as relatively rapid (early and mid phase) and complete collateral blood flow to the vascular bed in the entire MCA territory by retrograde perfusion. In this study, grade 0 or 1 was designated as poor and grade 2 or 3 as good collateral flow. Two reviewers (JH and J-WC) assessed the MPCT with knowledge of the symptomatic side and site of occlusion. The opinion of a third assessor (MJL) was sought to resolve any disagreement.
Statistical analysis
We analyzed the differences between the groups using the Pearson 2 test or linear-by-linear association for categorical variables, and the Student t test or MannWhitney U test for continuous variables. In addition, to find independent factors associated with poor collateral flow, logistic regression analyses were performed. We analyzed the data using a logistic regression model in which poor collateral status on MPCT was used as the dependent variable and demographic factors and individual NIHSS scores as independent variables. For this, all NIHSS sub-item scores were dichotomized by the median score. The motor arm and leg categories were given points irrespective of right or left side. Explanatory variables were tested one by one against the dependent variable ''poor collateral,'' and variables without significant association (p > 0.05) were removed from the model. Regression analysis was performed using a stepwise forward approach. All statistical analyses were performed using commercially available software (SPSS for Windows, version 22.0; SPSS Inc., Chicago, Illinois, USA).
Results
Among the 135 patients in the hyperacute stroke registry, 33 with internal carotid artery occlusion or other vessel territory infarction such as anterior cerebral artery or posterior circulation were excluded. Sixteen patients who had distal MCA occlusion (M2 or M3 segment) were also excluded from this study. Finally, a total of 86 patients with acute MCA infarction and M1 occlusion were enrolled in this study. In terms of the collateral grade, grade 0 was found in 14 (16.3%), grade 1 in 24 (27.9%), grade 2 in 35 (40.7%), and grade 3 in 13 (15.1%) patients. Baseline characteristics according to the collateral status are presented in Table 1 . Atrial fibrillation was more frequently observed in the poor collateral group (p ¼ 0.026) and the NIHSS score was lower in the patients with a higher collateral grade (p < 0.001). Other stroke risk factors, premorbid medication and time from symptom onset to the start of CT did not differ between the two groups.
The distributions of individual NIHSS sub-item scores are shown in Table 2 . Logistic regression analysis was performed to further evaluate independent predictors in the NIHSS sub-items for poor collateral status (Table 3) . We excluded total NIHSS score as an independent predictor to avoid multicollinearity with the NIHSS sub-items. After adjusting for all variables that could be related to collateral status, atrial fibrillation was independently associated with poor collateral flow (odds ratio (OR) 4.431; 95% confidence interval (CI) 1.258-15.601; p ¼ 0.020). In addition, profound facial palsy (score 2 versus 0-1) and visual field defect (score 2 versus 0-1) were independently predictive of a poor collateral status (OR 95.948; CI 8.866-1038.327; p < 0.001 and OR 4.352; CI 1.209-15.660; p ¼ 0.024, respectively).
The distribution of the collateral grade with respect to facial palsy and visual field defect grades are shown in Figure 1 . There was a more prominent correlation between the collateral grade and facial palsy grade than with visual field defect grade.
Discussion
The major finding of this study was that the NIHSS score and atrial fibrillation are associated with collateral flow in acute MCA infarction. This result is consistent with previous studies that examined factors related to collateral flow in acute ischemic stroke. 9, 11, 12 In the present study, we focused on the NIHSS subitems as a factor of neurological signs and found that facial palsy and visual field defect are related to poor collateral flow in acute MCA infarction with M1 occlusion.
Recent studies about endovascular intervention for acute ischemic stroke demonstrated that successful recanalization failed to improve functional outcome in patients with poor collateral flow. 13, 14 Adequate retrograde collateral flow can prolong tissue viability and maximize the volume of salvageable tissue until anterograde recanalization of occluded vessel. 15, 16 Thus, information regarding collateral blood flow has potential clinical applications for deciding upon the appropriate treatment and predicting outcome after endovascular treatment. Pretreatment collateral flow is known to be related to the clinical outcome after endovascular treatment. The ESCAPE trial excluded patients with poor collateral status and showed successful final outcomes. 17 Several clinical factors such as atrial fibrillation, old age and tandem occlusion were known as independent predictors for collateral flow. 9, 16 In our results, atrial fibrillation was related to poor collateral flow in acute MCA infarction with M1 occlusion. This may be because atrial fibrillation-related stroke develops when the large vessel is suddenly blocked by emboli and there is little time for collateral vessels to be established. 12 The NIHSS is commonly used to assess the severity of acute ischemic stroke. 18 The NIHSS score is known to correlate with collateral status and the severity of the perfusion deficit. 1, 11 For these reasons, the NIHSS score has been used in thrombolysis clinical trials to include or exclude subjects from active treatment and serially calculated to evaluate clinical status. 19 Although the NIHSS is the most widely used scoring system to assess neurologic deficit, the total NIHSS score has limitations in reflecting the status of cerebral tissue and vessels in acute ischemic stroke. Furthermore, the NIHSS sub-item scores differ with the location of the occluded vessel(s). 20, 21 We focused on MCA occlusion, the most common candidate for intra-arterial revascularization treatment, and found that facial palsy and visual field defect as single items of the NIHSS score were predictors for poor collateral status. These results may be explained by a reduction in distal cerebral perfusion pressure in acute proximal MCA occlusion. Reductions in cerebral perfusion pressure in the cortical MCA territory are most severe at its center (the perisylvian region) and least severe in the watershed areas with other cortical vessels. 22, 23 The area representing the face in the cortical motor homunculus is located more closely to the perisylvian area than other motor areas (Figure 2(a) ). A visual field defect in MCA infarction is usually caused by the involvement of the optic radiation. 24 These deep white matter structures, which have fewer anastomoses, are also most severely affected by low blood flow in acute proximal MCA infarction (Figure 2(b) ).
This study has several limitations. We used MPCT to evaluate collateral status. Although digital angiography is the gold standard to assess collateral vessels, this invasive approach is not routinely used and frequently omitted to save time prior to acute endovascular treatment. MPCT is a rapid and simple method to simultaneously exclude hemorrhagic stroke and examine vessel status. Second, despite statistical significance, there was a wide confidence interval in the logistic regression model. The number of patients in the study was rather low which leads to these statistical results.
Due to the small number of subjects and many NIHSS subtypes, we could not perform stratification analysis according to lesion side. Fortunately, there was no difference in the lesion side depending on the degree of collateral flow. Another major shortcoming of our study with respect to its application to the clinical field is the narrow inclusion criteria. We included patients with MCA occlusion in this study similar to recent endovascular studies. Therefore, there may be restrictions on application in patients who are suspected of posterior circulation occlusion. This limitation should be addressed in future studies. Lastly, clinical outcome was not analyzed. Most endovascular treatments in this study did not use a retrievable stent that has an excellent and rapid recanalization result. We thought that the real effect of collateral flow on clinical outcome could be biased by the pre-retrievable stent era. Additional studies using a stent retrieval device are needed to confirm our results and find the relationship between the NIHSS sub-items and clinical outcomes after endovascular treatment.
In conclusion, profound facial palsy and visual field defect in the NIHSS sub-items are associated with poor collateral flow in proximal MCA occlusion with infarction.
